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I .  I N T R O D U C T I O N  

D e s p i t e  c e n t u r i e s  o f  p l a n e t a r y  as t ronomy and h i g h l y  
a c c u r a t e  knowledge o f  p l a n e t a r y  mot ions ,  n e a r  i g n o r a n c e  s t i l l  
p r e v a i l s  w i t h  r e s p e c t  t o  t h e  p h y s i c a l  c o n d i t i o n s  i n  t h e  i m m e -  
d i a t e  v i c i n i t y  o f  t h e  p l a n e t s ,  w i t h  t h e  obv ious  e x c e p t i o n  o f  
t h e  E a r t h .  F a c t u a l  i n f o r m a t i o n  abou t  t h e  a t m o s p h e r i c  e n v i r o n -  
ment ,  even of  t he  minor  p l a n e t s ,  i s  s c a n t  and s u b j e c t  t o  con- 
f l i c t i n g  i n t e r p r e t a t i o n s .  T h i s  i s  b a s i c a l l y  a consequence  o f  
t h e  low r e s o l u t i o n  i n h e r e n t  i n  o b s e r v a t i o n s  c a r r i e d  out f rom 
d i s t a n c e s  on t h e  o r d e r  o f  a n  a s t r o n o m i c a l  u n i t ,  and t h e  l a c k  
o f  o p p o r t u n i t y  i n  t h e  p a s t  t o  v e r i f y  t h e  i n t e r p r e t a t i o n  o f  
remote  o b s e r v a t i o n s  d i r e c t l y  by t h e  r e s u l t s  o f  measurements  
w i t h  i n  s i t u  p r o b e s .  

Agains t  t h i s  background i t  becomes c l e a r  t h a t  t h e  
e a r l y  f u l l  s c a l e  p l a n e t a r y  m i s s i o n s  c a n  be  e x p e c t e d  t o  y i e l d  
a p r o d i g i o u s  enhancement o f  man's knowledge o f  t h e  p l a n e t s '  
a t m o s p h e r i c  env i ronmen t ,  p r o v i d e d  t h e  s t u d y  o f  t h e  p l a n e t s '  
a t m o s p h e r i c  environment  i s  approached  i n  a s y s t e m a t i c  manner.  

The r e m a i n d e r  of  t h i s  r e p o r t  i s  devo ted  t o  t h i s  p a r -  
t i c u l a r  a s p e c t  o f  an  e a r l y  Mar t i an  e n c o u n t e r  m i s s i o n .  Af t e r  
s u r v e y i n g  b r i e f l y  t h e  p r e s e n t  knowledge o f  t h e  M a r t i a n  atmo- 
s p h e r e  and  t o u c h i n g  on some phases  o f  t h e  e n c o u n t e r  m i s s i o n  
a f f e c t e d  by e x t a n t  i n f o r m a t i o n ,  t h i s  r e p o r t  deals ma in ly  w i t h  
t h e  i n t e g r a t i o n  of  a tmosphe r i c  s t u d i e s  i n t o  t h e  o v e r a l l  m i s s i o n  
p l a n .  The l a t t e r  i s  g e a r e d  mainly t o  t h e  r e t r i e v a l  o f  s u r f a c e  
s o i l  samples f o r  p o s s i b l e  d e t e c t i o n  o f  p l a n e t a r y  b i o t a ,  and 
t o  t h e  a c q u i s i t i o n  o f  a copious  amount o f  s u r f a c e  pho tographs  
needed  f o r  t h e  n e x t  s t a g e  i n  p l a n e t a r y  e x p l o r a t i o n ,  i . e . ,  manned 
l a n d i n g s .  N o n e t h e l e s s ,  t h i s  c o n s t r a i n t  still l e a v e s  ample 
o p p o r t u n i t y  f o r  t h e  i n v e s t i g a t i o n  o f  phenomena a l l i e d  w i t h  t h e  
M a r t i a n  a tmosphe re ,  c a p a b l e  o f  y i e l d i n g  s u f f i c i e n t  data  for a 
f a i r l y  comple te  r e c o n s t r u c t i o n  o f  t h i s  p l a n e t ' s  a t m o s p h e r i c  
env i ronmen t .  



BELLCOMM, INC. - 2 -  

11. BIRD'S EYE VIEW OF THE STATUS OF KNOWLEDGE ON THE 
M A R T I A N  ATMOSPHERE 

To o b t a i n  a g l o b a l  model o f  a p l a n e t ' s  a tmosphe re  
i t  i s  n e c e s s a r y  t o  g a t h e r  a r e p r e s e n t a t i v e  sample o f  i t s  
s t r u c t u r a l  p a r a m e t e r s ,  such  as t e m p e r a t u r e ,  p a r t i a l  and t o t a l  
p r e s s u r e s  and d e n s i t y ,  as w e l l  as i n f o r m a t i o n  abou t  t h e  dy- 
namic p r o c e s s e s  i n  t h e  a tmosphere ,  s u c h  as g e n e r a l  c i r c u l a t i o n  
and  t h e  i n t e r a c t i o n  of t h e  a tmosphere  w i t h  s o l a r  r a d i a t i o n .  
The p r e s e n t  p a u c i t y  o f  f i r m  a t m o s p h e r i c  da ta  on Mars i s  best  
i l l u s t r a t e d  i n  F i g u r e  1, which shows i n  a s c h e m a t i c  way t h e  
wide  gap between e x t a n t  data  on t e m p e r a t u r e  and n e u t r a l  g a s  
d e n s i t y  i n  t h e  Mar t i an  a tmosphere ,  and a modest es t imate  o f  
data  r e q u i r e m e n t s  for a f i r s t  r e a l i s t i c  g l o b a l  model o f  t h i s  
a tmosphe re .  The l a r g e  p r i s m s  r e p r e s e n t  t h i s  es t imated  quan- 
t i t y  o f  da ta  p o i n t s ,  each p o i n t  b e i n g  r e p r e s e n t e d  by a s m a l l  
cube .  C o o r d i n a t e s  a t  t h e  b a s e  d e n o t e  s c h e m a t i c a l l y  l a t i -  
t u d e  ( A )  and l o n g i t u d e ,  or t i m e  o f  day (t). SP d e n o t e s  
s o u t h e r n  p o l a r  r e g i o n s ,  SM s o u t h e r n  m i d d l e  l a t i t u d e s  , E equa- 
t o r i a l  r e g i o n s ,  and N M  and NP r e f e r  t o  t h e  n o r t h e r n  hemisphe re .  
M ,  N ,  E ,  NT r e f e r  r e s p e c t i v e l y  to morning ,  noon,  e v e n i n g ,  and  
n i g h t .  The v e r t i c a l  c o o r d i n a t e s  r e f e r  to r e g i o n s  o f  a l t i t u d e  
( n o t  n e c e s s a r i l y  e q u a l l y  s p a c e d )  , s p a n n i n g  t h e  r a n g e  from 
ground l e v e l  to a f e w  hundred km. The d i f f e r e n t  h e i g h t s  o f  
t h e  r e s p e c t i v e  f i g u r e s  f o r  T and p i n d i c a t e  t h a t  data r e q u i r e -  
ments  may d i f f e r  for t h e  v a r i o u s  p a r a m e t e r s  c o n s i d e r e d .  The 
shaded cubes r e p r e s e n t  a v a i l a b l e  data;  t h e  d e g r e e  o f  s h a d i n g  
c o r r e s p o n d s  to t h e  r e l i a b i l i t y  o f  data.  

The t e m p e r a t u r e  da ta  i m p l i c i t  i n  F i g u r e  1 are  t h o s e  
o b t a i n e d  w i t h  e a r t h - b a s e d  bolometry  i n  1 9 5 4  ( * )  ( t h e  l i g h t l y  
shaded  c u b e s )  and t h e  t e m p e r a t u r e  p r o f i l e s  o f  t h e  a tmosphere  
below % 3 O  km above t h e  p o i n t s  of  immersion and e m e r s i o n ,  de- 

duced from t h e  Mar ine r  I V  RF o c c u l t a t i o n  expe r imen t  i n  1965 
( d a r k l y  shaded) .  The d e n s i t y  da t a  were a l s o  deduced from t h e  
l a t t e r  expe r imen t .  

(3) 

These data  and t h e i r  c o u n t e r p a r t s  on a i r  p r e s s u r e ,  
i n  a d d i t i o n  t o  t h e  e l e c t r o n  d e n s i t y  p r o f ' i i e  above t h e  p o i n t  o f  
immers ion ,  e x h a u s t  t h e  p r e s e n t  s t o r e  o f  r e l i a b l e  Mar t i an  atmo- 
s p h e r i c  s t r u c t u r a l  d a t a .  While F i g u r e  1 r e p r e s e n t s  schemat- 
i c a l l y  t h e  e x t e n t  of  a v a i l a b l e  da t a ,  t h e i r  q u a n t i t a t i v e  c o n t e n t  
i s  r e p r e s e n t e d  i n  F i g u r e s  2-4 .  

F i g u r e  2 shows t h e  n e u t r a l  g a s  d e n s i t y  p r o f i l e  below 
30 km, and t h e  e l e c t r o n  d e n s i t y  p r o f i l e  i n  t h e  i o n o s p h e r e ,  
which are  t h e  most d i r e c t  d e d u c t i o n s  f rom t h e  r e s u l t s  o f  t h e  
Mar ine r  I V  o c c u l t a t i o n  expe r imen t .  To e x t e n d  t h e  model o v e r  
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t h e  unknown r e g i o n  between t h e s e  two d i s p a r a t e  s e t s  o f  da t a ,  
t h e o r e t i c a l  i n t e r p r e t a t i o n  h a s  t o  b e  r e s o r t e d  t o .  T h i s  r e s u l t s  
i n  t h e  w i d e l y  d i f f e r i n g  models f o r  t h e  t e m p e r a t u r e  and d e n s i t y  
p r o f i l e s  o f  t h e  Mar t i an  a tmosphe res ,  F i g u r e s  3 ' a n d  4 .  A f u l l e r  
d i s c u s s i o n  o f  t h e  Mar iner  I V  o c c u l t a t i o n  e x p e r i m e n t s  may b e  

found elsewhere. ( 4 ) ( 5 )  

The compos i t ion  of t h e  M a r t i a n  a tmosphere  i s  known 
o n l y  t o  t h e  e x t e n t  t h a t  i t s  c o n s t i t u e n t s  are a c c e s s i b l e  t o  
ear th-based s p e c t r o s c o p i c  i d e n t i f i c a t i o n .  T h i s  e x c l u d e s  two 
a p r i o r i  l i k e l y  c a n d i d a t e s ,  n i t r o g e n  and a r g o n ,  which may con- 
s t i t u t e  a s i z e a b l e  f r a c t i o n  o f  t h e  M a r t i a n  a tmosphe re ,  Put  l a c k  
s u i t a b l e  s p e c t r o s c o p i c  f e a t u r e s .  
C 0 2  has been  i d e n t i f i e d  and i t s  approx ima te  q u a n t i t y  has been  

e s t a b l i s h e d  a t  %lo g/cm-2. The p r e s e n c e  o f  - gm/cm-* 
water v a p o r  has a l s o  been  d e t e c t e d .  

O f  t h e  ma jo r  c o n s t i t u e n t s ,  

Though mot ions  o f  v a r i o u s  t y p e s  o f  c l o u d s  have been  
o b s e r v e d  i n  t h e  Mar t i an  a tmosphere ,  no f i r m  s t a t e m e n t s  can  b e  
made abou t  t h e  a t m o s p h e r i c  c i r c u l a t i o n  on Mars. However, t h e  
s u r m i s e d  la rge  a m p l i t u d e  o f  d i u r n a l  and s e a s o n a l  v a r i a t i o n s  i n  
s u r f a c e  t e m p e r a t u r e  s u g g e s t s  t h e  p o s s i b i l i t y  o f  c i r c u l a t i o n  
p a t t e r n s  which may s i g n i f i c a n t l y  d i f f e r  f rom t h e  t e r r e s t r i a l  one .  

111. EFFECTS OF THE M A R T I A N  ATMOSPHERE ON THE ENCOUNTER 
MISSION PROFILE 

The v e r y  t e n u o u s n e s s  o f  t h e  M a r t i a n  a tmosphe re ,  i n -  
d i c a t e d  by t h e  r e s u l t s  o f  t h e  Mar ine r  I V  o c c u l t a t i o n  e x p e r i m e n t ,  
a l t e r s  t h e  e n t r y  c o n d i t i o n s  o f  any v e h i c l e  i m p a c t i n g  on Mars, 
as compared t o ,  s a y ,  impact  on t h e  E a r t h  or Venus. The p r e s e n c e  
o f  a r e s i d u a l  a tmosphere  s u g g e s t s ,  on t h e  o t h e r  hand,  t h a t  a e r o -  
dynamic e f f e c t s  cannot  be n e g l e c t e d  a l t o g e t h e r ,  a s  i s  t h e  c a s e  
i n  l u n a r  m i s s i o n s .  

To assess t h e  e x t e n t  t o  which knowledge (or i g n o r a n c e )  
o f  t h e  M a r t i a n  a tmosphere  a f f e c t s  some p h a s e s  o f  a 1 9 7 5  M a r t i a n  
e n c o u n t e r  mls s io r? ,  some kr?owledge o f  t h e  o v e r a l l  missiol?  p r o f i l e  
and t h e  complement of  p robes  e n v i s i o n e d  f o r  t h e  m i s s i o n  i s  
p e r t i n e n t  . F i g u r e  5 i l l u s t r a t e s  t h e  p roposed  sys t em p i c t o -  
r i a l l y ,  showing t h e  p l a n e t  and t h e  v a r i o u s  p r o b e s ,  which are  
r e p r e s e n t e d  by symbol ic  f i g u r e s  w i t h  Roman numera l s .  

I r e p r e s e n t s  t h e  manned e n c o u n t e r  v e h i c l e  (MEV) 
s c h e d u l e d  t o  p a s s  by Mars i n  1975  i n  an  a lmos t  r e c t i l i n e a r  
o r b i t  a t  a v e l o c i t y  o f  about 1 0  km/sec,  a p p r o a c h i n g  t h e  p l a n e t ' s  



BELLCOMM, INC. 

~~ 

- 4 -  

s u r f a c e  w i t h i n  abou t  300 km. I1 r e p r e s e n t s  t h e  small (1.200 l b s  
t o t a l  w e i g h t )  a e r o - d r a g  p robes  t o  be l a u n c h e d  from t h e  MEV 
f o r  e a r l y  (%1/2  day b e f o r e  t h e  MEV's a r r i v a l  a t  p e r i a p s i s )  
impact  on t h e  p l a n e t .  I11 i s  an o r b i t i n g  p r o b e ,  s i m i l a r  t o  
t h e  Lunar  O r b i t e r ,  whose main t a s k  i s  a l o n g  term (1.1 g e a r )  
p h o t o g r a p h i c  s u r v e y  o f  t h e  p l a n e t ' s  s u r f a c e .  I V  i s  t h e  M a r t i a n  
S u r f a c e  Sample Re tu rn  (MSSR) v e h i c l e ,  d e s i g n e d  ma in ly  f o r  ac-  
q u i s i t i o n  o f  a small  s o i l  sample a t  t h e  s u r f a c e  and r e t u r n  o f  
t h e  same t o  t h e  manned v e h i c l e .  It a l s o  c a r r i e s  a small weather 
s t a t i o n  and g e o p h y s i c a l  package t o  t h e  s u r f a c e ,  d e s i g n e d  t o  op- 
e r a t e  f o r  1.2 years after t h e  da te  o f  t h e  MEV p a s s a g e .  
l o n g  term m o n i t o r i n g  o f  l o c a l  weather and s o i l  c o n d i t i o n s  i s  t h e  
f u n c t i o n  of  t h e  s o f t  l a n d e r ,  or l a n d e r s  Va and V b .  To o b t a i n  
cove rage  of  a w i d e r  v a r i e t y  o f  e n v i r o n m e n t a l  c o n d i t i o n s ,  t h e  
l a n d e r s  s h o u l d  be  emplaced i n  t h e  p o l a r  r e g i o n  or i n  a n  equa- 
t o r i a l  r e g i o n  a n t i p o d a l  t o  t h e  MSSR s i t e  (which  i s  r e s t r i c t e d  
t o  low l a t i t u d e s  i n  t h e  c u r r e n t  m i s s i o n  p l a n ) .  

S i m i l a r l y ,  

Deployment o f  t h i s  v a r i e t y  o f  p r o b e s  w i t h  d i f f e r e n t  
p h y s i c a l  and o p e r a t i o n a l  c h a r a c t e r i s t i c s  p r e s e n t s  a wide spec-  
trum o f  t e c h n o l o g i c a l  problems a s s o c i a t e d  w i t h  t h e  v a r i o u s  p h a s e s  
o f  e n t r y  i n t o  t h e  p l a n e t ' s  a tmosphere  and  l a n d i n g  on t h e  s u r f a c e ,  
w h i l e  m a i n t a i n i n g  a communication l i n k  w i t h  t h e  MEV or E a r t h  f o r  
t h e  b e t t e r  p a r t  o f  t h i s  p e r i o d .  A summary o f  t hese  problem areas 
and t h e  p roposed  s o l u t i o n s  a r e  g i v e n  i n  T a b l e  I .  Some o f  t h e s e  
items w i l l  now be  d i s c u s s e d  i n  more d e t a i l .  

The u t i l i t y  of t h e  d r a g  p robe  data i s  c o n t i n g e n t  on 
a n e a r  v e r t i c a l  t r a j e c t o r y  o f  t h e  p robe  from e n t r y  i n t o  t h e  a t -  
mosphere t o  t h e  ground.  But i n  t h e  t e n u o u s  M a r t i a n  a tmosphere  
v e r t i c a l  e n t r y  d e l a y s  e f f e c t i v e  aerodynamic d e c e l e r a t i o n  t o  r e l -  
a t i v e l y  low a l t i t u d e s ,  such  t h a t  d u r i n g  t h e  g r e a t e r  p o r t i o n  o f  
i t s  d e s c e n t  t h e  p robe  i s  i n  v i r t u a l  communicat ions b l a c k o u t .  
F i g u r e  6 o f f e r s  some i n s i g h t  i n t o  t h i s  problem.  It can  b e  s e e n  
t h a t  f o r  a minimum o f  1.10 s e c  communication t i m e  u n d e r  t h e  con- 
s t r a i n t  o f  n e a r  v e r t i c a l  e n t r y ,  t h e  uppe r  l i m i t  on t h e  b a l l i s t i c  
c o e f f i c i e n t  o f  t h e  p robe  i s  abou t  0 . 1 5  s l u g s  f t - 2 .  
d r a g  p robe  w i t h  s u i t a b l e  c h a r a c t e r i s t i c s  i s  now u n d e r  deve lop-  
ment f o r  l aunch  from advanced Mar ine r  and Voyager v e h i c l e s  ( 6 j  , 
and has been t e s t e d  s u c c e s s f u l l y  i n  f r e e  f a l l  i n  t h e  E a r t h ' s  
a tmosphe re .  Unless  a tmosphe r i c  data from unmanned m i s s i o n s  i n  
t h e  n e a r  f u t u r e  p r e c l u d e  t h e  u s e  o f  t h i s  module w i t h  minor  mod- 
i f i c a t i o n s  i n  a 1975 e n c o u n t e r  m i s s i o n , *  i t  may v i r t u a l l y  b e  
t a k e n  o f f  t h e  s h e l f .  I f ,  on t h e  o t h e r  hand ,  t h i s  p a r t i c u l a r  
d e s i g n  p r o v e s  u n f e a s i b l e ,  major  m o d i f i c a t i o n s  s h o u l d  n o t  p o s e  
s e r i o u s  problems.  C o n s i d e r a b l e  r e s e a r c h  seems t o  b e  underway 

A small  

i n  t h i s  d i r e c t i o n .  ( 7 )  

*Th i s  m i s s i o n  i s  c h a r a c t e r i z e d  by a h i g h  (1.28,ooo f p s )  
h y p e r b o l i c  e x c e s s  v e l o c i t y  a t  Mars, which a c c e n t u a t e s  t h e  
problems o f  d e c e l e r a t i o n  and communication b l a c k o u t .  
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Two main e f f e c t s  of t h e  a tmosphere  on t h e  o p e r a t i o n a l  
p r o f i l e  of t h e  o r b i t e r  have t o  b e  c o n s i d e r e d .  The f i r s t  i s  de- 
b o o s t  of t h e  o r b i t e r  i n t o  a low c i r c u l a r  o r b i t  a round  Mars, 
~ 3 0 0  k m  above t h e  p l a n e t .  
u t i l i z a t i o n  o f  t h e  o r b i t e r  i n  i t s  main f u n c t i o n  as a l o n g  l i v e d  
p h o t o g r a p h i c  m o n i t o r  o f  t h e  p l a n e t ' s  s u r f a c e .  T h i s  e n t a i l s ,  
however,  a v e l o c i t y  change of %22,000 f p s  f o r  i n s e r t i o n  from 
t h e  1975 e n c o u n t e r  t r a j e c t o r y  i n t o  such  an  o r b i t .  I n  p r i n c i p l e ,  
t h e  g r e a t e r  p a r t  o f  t h e  v e l o c i t y  change c o u l d  be  e f f e c t e d  b y  
a t m o s p h e r i c  b r e a k i n g  i n  a s k i p o u t  maneuver,  and s u b s e q u e n t  minor  
(54000 f p s )  p r o p u l s i v e  d e b o o s t i n g ,  which would r e s u l t  i n  con- 
s ide rab le  ( % T O % )  s a v i n g s  i n  we igh t .  Though a t  p r e s e n t  t h i s  ap- 
p r o a c h  appears t o  be  o f  q u e s t i o n a b l e  f e a s i b i l i t y  and  m a r g i n a l  
r e l i a b i l i t y ,  f u r t h e r  examina t ion  o f  t h e  problem i s  r e q u i r e d ,  a t  
l e a s t  w i t h  r e s p e c t  t o  m i s s i o n s  f o l l o w i n g  t h e  f i r s t  manned en- 
c o u n t e r  which may b e n e f i t  from p r i o r  knowledge and e x p e r i e n c e .  

T h i s  i s  e v i d e n t l y  t h e  b e s t  way f o r  

The o t h e r  problem conce rns  t h e  a l t i t u d e  o f  t h e  space -  
c r a f t  o r b i t .  C o n s i d e r a t i o n s  o f  t h i s  p r o b e ' s  communication 
c a p a b i l i t y  and t h e  d e s i r e  f o r  l o n g  term s y n o p t i c  o b s e r v a t i o n s  
p r e s c r i b e  f o r  i t  a l i f e t i m e  on t h e  o r d e r  o f  a t e r r e s t r i a l  y e a r .  
A p l a n e t a r y  s a t e l l i t e ' s  l i f e t i m e  v a r i e s ,  however,  a p p r o x i m a t e l y  
as t h e  i n v e r s e  o f  t h e  a tmosphe r i c  d e n s i t y  a t  t h e  s a t e l l i t e ' s  
i n i t i a l  a l t i t u d e .  Knowledge o f  d e n s i t y  i n  t h e  M a r t i a n  uppe r  atmo- 
sphere  . i s ,  however,  s t i l l  s u b j e c t  t o  o r d e r  o f  magni tude  u n c e r t a i n -  
t i e s .  
t u d e s  which may accommodate a y e a r  l o n g  m i s s i o n  i n  a c i r c u l a r  
o r b i t  a round  Mars. F i g u r e  7 i l l u s t r a t e s  t h i s  problem:  it p r e s e n t s  
b o t h  l i f e t i m e  o f  an  o r b i t e r  (dashed c u r v e  Ts with v a l u e s  c o r r e s p o n d i n g  
t o  t h e  o r d i n a t e  on t h e  r i g h t  o f  t h e  f i g u r e )  and t h e  r a n g e  o f  a l t i -  
t u d e s  ( s t i p p l e d  r e g i o n  bounded by t h e  two s o l i d  c u r v e s  w i t h  v a l u e s  
c o r r e s p o n d i n g  t o  t h e  l e f t  o r d i n a t e )  v e r s u s  d e n s i t y .  Thus,  i f  a 
l i f e t i m e  of %3OO d a y s  were d e s i r e d  for t h e  o r b i t e r ,  t h e  r a n g e  o f  
a l t i t u d e s  i n d i c a t e d  by  c u r r e n t  a t m o s p h e r i c  models f o r  i t s  dep loy-  
ment v a r i e s  between %l5O and %400 km; t h e  v e r t i c a l  dashed l i n e  
r e p r e s e n t s  t h i s  r a n g e .  

A t  p r e s e n t ,  i t  i s  on ly  p o s s i b l e  t o  i n d i c a t e  t h e  r a n g e  o f  a l t i -  

To o b v i a t e  r e p e a t e d  p r o p u l s i o n  maneuvers f o r  o r b i t  c o r -  
r e c t i o n ,  which are  b o t h  an a d d i t i o n a l  burden  i n  weight and  po ten -  
t i a l  f a i l u r e  s o u ~ z e s ,  i t  i s  d e s i r a b l e  t o  p l a c e  t h e  o r b i t e r  i n i -  
t i a l l y  i n t o  o r b i t  a t  t h e  p r o p e r  a l t i t u d e .  T h i s  r e q u i r e s  knowledge 
o f  c o n d i t i o n s  i n  t h e  uppe r  a tmosphere .  C o n s i d e r a b l e  b r o a d e n i n g  
of t h i s  knowledge may be a n t i c i p a t e d  i n  t h e  n e x t  decade .  But i n  
a cont ingency ,  da t a  g a i n e d  from some e n  r o u t e  a s t r o n o m i c a l  obse rva -  

t i o n s  ( e . g . ,  s t e l l a r  o c c u l t a t i o n s )  ( 8 )  and d r a g  p r o b e  r e s u l t s  may 
a i d  i n  t h e  o p t i m a l  deployment o f  t h e  o r b i t e r .  

The g e o p h y s i c a l  l a n d e r  and e s p e c i a l l y  t h e  MSSR are  
r e l a t i v e l y  heavy p r o b e s ,  h a v i n g  a l a n d e d  w e i g h t s  o f  1 4 0 0  l b s  and 
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and  ~ 7 0 0 0  l b s ,  r e s p e c t i v e l y .  Th i s  p r e c l u d e s  p r o p u l s i v e  d e b o o s t ,  
which would r e q u i r e  w e i g h t s  o f  %lO,OOO and ~ 5 0 , 0 0 0  l b s ,  r e s p e c -  
t i v e l y ,  a t  l a u n c h  f rom t h e  MEV. A s  F i g u r e  8 d e m o n s t r a t e s ,  t h e  
a l t e r n a t i v e  t o  p r o p u l s i v e  deboos t  f rom h i g h  e n t r y  v e l o c i t y  i s  
t h e  use  o f  an  a e r o s h e l l .  Even s o ,  r e d u c t i o n  o f  v e l o c i t y  t o  
%2000 f p s  a t  an a l t i t u d e  of %20,000 f t  i n  t h e  ra re  M a r t i a n  a t -  
mosphere p r e s c r i b e s  e n t r y  a t  a s h a l l o w  a n g l e ,  ~ 1 9 O  t o  t h e  ho r -  
i z o n t a l ,  which imposes a c o n s i d e r a b l e  p e n a l t y  i n  t a r g e t i n g  
a c c u r a c y ,  on t h e  o r d e r  o f  $120 km i n  t h e  down r a n g e  f l i g h t  d i -  
r e c t i o n  a t  t h e  Mars s u r f a c e .  

But a f u r t h e r  l o o k  a t  F i g u r e  8 i n d i c a t e s  t h a t  a d d i t i o n a l  
d e b o o s t  by a d i f f e r e n t  method i s  r e q u i r e d  t o  p r o v i d e  f o r  s o f t  
l a n d i n g ,  a t  a speed  o f  %5 f p s ,  which appears mandatory f o r  t h e  
p r o p e r  f u n c t i o n i n g  and a t t i t u d e  of  t h e  r a t h e r  complex and d e l i c a t e  
i n s t r u m e n t a t i o n  aboa rd  t h e  MSSR and landers .  The u s e  o f  para- 
c h u t e s  i s  n o t  exc luded  but i s  o f  q u e s t i o n a b l e  f e a s i b i l i t y  on ac-  
coun t  of t h e  t e n u i t y  o f  t h e  M a r t i a n  a tmosphe re ,  and  due t o  t h e  
p o s s i b l e  s e v e r i t y  o f  winds which may p r e v a i l  n e a r  t h e  s u r f a c e  o f  
Mars. I n  a b s e n c e  o f  q u a n t i t a t i v e  i n f o r m a t i o n  on t h i s  s u b j e c t ,  
i t  may be  p r e f e r a b l e  t o  p r o v i d e  t h e  r e l a t i v e l y  small v e l o c i t y  
change by p r o p u l s i v e  means. 

The f o r e g o i n g  s e c t i o n s  do n o t  e x h a u s t  t h e  t o p i c  o f  a t -  
mospher ic  e f f e c t s  on t h e  e n c o u n t e r  m i s s i o n  p r o f i l e ,  b u t  f u r t h e r  
e l a b o r a t i o n  on minor  e f f e c t s  would be beyond t h e  scope  o f  t h i s  
b r i e f  s u r v e y .  

I V .  METEOROLOGICAL AND AERONOMICAL EXPERIMENTS I N  A 1975 
M A R T I A N  ENCOUNTER M I S S I O N  

To p r o v i d e  a c l e a r e r  p e r s p e c t i v e  o f  t h e  many e x p e r i -  
ments  i n  t h i s  g e n e r a l  area which are  i n c l u d e d  i n  t h e  p roposed  
m i s s i o n ,  t h e s e  e x p e r i m e n t s  w i l l ,  i n  t h e  f o l l o w i n g ,  b e  d i v i d e d  
i n t o  two b r o a d  c a t e g o r i e s .  The te rm p r i m a r y  e x p e r i m e n t s  w i l l  
a p p l y  t o  t h o s e  e x p e r i m e n t s  whose p r i m a r y  p u r p o s e  i s  t h e  s t u d y  
o f  t h e  a tmosphe re ,  and which  c o u l d ,  i n  p a r t ,  b e  o m i t t e d  i n  t h e  
h y p o t h e t i c a l  c a s e  t h a t  t h e  d e s i r e d  i n f o r m a t i o n  were a v a i l a b l e .  
Backup e x p e r i m e n t s  are expe r imen t s  or o p e r a t i o n s  which a re  con- 
d u c t e d  f o r  o t h e r  p r i m a r y  pu rposes  b u t  y i e l d  i n f o r m a t i o n  p e r -  
t i n e n t  t o  t h e  a tmosphere .  

The e x p e r i m e n t a l  equipment i t s e l f  i s  a l s o  d i v i d e d  i n t o  
two main c l a s s e s :  remote  s e n s o r s  and d i r e c t  p r o b e s .  D i r e c t  
p r o b e s ,  as d e f i n e d  i n  t h i s  c o n t e x t ,  are i n s t r u m e n t s  c a r r y i n g  out 
mos t ly  l o c a l  i n  s i t u  measurements o f  c e r t a i n  parameters,  w i t h  
r e s u l t s  amenable t o  f a i r l y  s t r a i g h t f o r w a r d  i n t e r p r e t a t i o n .  T h i s  
i s  t h e  c a s e ,  f o r  i n s t a n c e ,  when t e m p e r a t u r e  i s  measured w i t h  a 
the rmomete r ,  or chemica l  compos i t ion  i s  measured w i t h  a mass 
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s p e c t r o m e t e r .  Remote s e n s i n g ,  on t h e  o t h e r  hand ,  i s  g e n e r a l l y  
o f  w i d e r  s p a t i a l  cove rage ,  but  i n t e r p r e t a t i o n  o f  i t s  r e s u l t s  
i s  to a la rge  e x t e n t  model dependent  and ambiguous.  It a p p e a r s ,  
t h e r e f o r e ,  des i r ab le  tha t  t h e  e x p e r i m e n t a l  pay load  b e  s u i t a b l y  
b a l a n c e d  between remote s e n s o r s  and d i r e c t  p r o b e s .  

A summary o f  t h e  e x p e r i m e n t a l  program i n  t h e  f i e l d  of  
a t m o s p h e r i c  s t u d i e s  for a 1975 M a r t i a n  e n c o u n t e r  m i s s i o n  i s  r e p -  
resented i n  T a b l e s  I1 and 111. The c o n s e c u t i v e  columns i n  t hese  
t a b l e s  are  a d d r e s s e d  r e s p e c t i v e l y  t o  t h e  f o l l o w i n g  q u e s t i o n s  : 

(1) Which p robe  c a r r i e s  t h e  expe r imen t  unde r  

( 2 )  What t y p e  o f  i n s t r u m e n t  i s  used?  
( 3 )  Which are t h e  o b j e c t s  u n d e r  o b s e r v a t i o n  i n  

(4) Which p a r t i c u l a r  problems are  a t t a c k e d  by 

( 5 )  Which a s p e c t s  o f  t h e  p l a n e t a r y  program are 

c o n s i d e r a t  i o n ?  

t h e  expe r imen t  and t h e  q u a n t i t i e s  measured? 

t h e  e x p e r i m e n t ?  

l i k e l y  t o  be  most a f f e c t e d  by t h e  r e s u l t s  
of t h e  e x p e r i m e n t ? *  

( 6 )  When a re  t h e  measurements c a r r i e d  o u t ? * *  
( 7 )  What i s  t h e  l o c a t i o n  o f  t h e  p r o b e  c a r r y i n g  

t h e  exper iment  a t  t h e  t i m e  i t  i s  conducted?  

A number o f  p o i n t s  i n  t h e  summary o f  e x p e r i m e n t s  are 
i n  need of e l a b o r a t i o n .  These w i l l  now be  e l u c i d a t e d  i n  t h e  
o r d e r  o f  t h e i r  appea rance  i n  t h e  r e s p e c t i v e  t a b l e s .  

A v a r i e t y  o f  a s t r o n o m i c a l  o b s e r v a t i o n s  w i l l  b e  c a r r i e d  
o u t  a b o a r d  t h e  manned module, w i t h  t h e  40-inch t e l e s c o p e  and 
a c c e s s o r i e s ,  d u r i n g  t h e  month or s o  b r a c k e t i n g  t h e  s p a c e c r a f t  
p l a n e t a r y  e n c o u n t e r .  These o b s e r v a t i o n s  o f  Mars are e s s e n t i a l l y  
o f  a k i n d  s imilar  t o  t h o s e  conducted  i n  earth-based o b s e r v a t i o n s  , 
s u c h  as a b s o r p t i o n  s p e c t r o s c o p y  and p o l a r i m e t r y ,  as w e l l  as s t e l -  
l a r  l i g h t  o c c u l t a t i o n  e x p e r i m e n t s .  The r e l a t i v e  p r o x i m i t y  t o  t h e  
p l a n e t  o r f e r s  t h e  f o l l o w i n g  a d v a n t a g e s .  (i) B o t n  t h e  random v a r i -  
a t i o n s  i n  " s e e i n g "  c o n d i t i o n s  and c a l c u l a b l e  e f f e c t s  o f  t h e  E a r t h ' s  
a tmosphere  are  e l i m i n a t e d .  ( 2 )  Dur ing  t h i s  t i m e  i n t e r v a l  c e n t e r e d  
a round  e n c o u n t e r  w i t h  t h e  p l a n e t  t h e  l i n e a r  r e s o l u t i o n  o f  M a r t i a n  
f e a t u r e s  w i t h  t h e  40-inch t e l e s c o p e  aboa rd  t h e  s p a c e c r a f t  i s  a t  

( 5 )  

*E d e n o t e s  r e t u r n  o f  r e s u l t s  o f  p r i m a r y  s i g n i f i c a n c e  from 
an e n g i n e e r i n g  p o i n t  o f  view f o r  t h e  p r e s e n t  m i s s i o n ;  E* re fe rs  
t o  data u s e f u l  f o r  subsequen t  m i s s i o n s ;  SC d e n o t e s  da ta  o f  p r i -  
m a r i l y  s c i e n t i f i c  i n t e r e s t .  

**M d e n o t e s  t h e  t i m e  o f  p e r i a p s i s  o f  t h e  manned v e h i c l e .  
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l eas t  t w i c e  as good as w i t h  t h e  l a r g e s t  earth-based t e l e s c o p e .  
It v a r i e s ,  f o r  i n s t a n c e ,  i n  t h e  r e g i o n  o f  l o p ,  between %lo0 km 
a t  t h e  l i m i t s  o f  t h i s  t i m e  i n t e r v a l  and %5 m a t  e n c o u n t e r .  
T h i s  o f f e r s  an  o p p o r t u n i t y  t o  p e r f o r m  t h i s  t y p e  o f  o b s e r v a t i o n  
w i t h  i n c r e a s e d  s p a t i a l  r e s o l u t i o n .  ( 3 )  O b s e r v a t i o n s  a re  pos- 
s i b l e  a t  phase a n g l e s  u n a t t a i n a b l e  f rom E a r t h  ( a n d  Ea r th  s a t e l -  
l i t e s ) .  (4) O c c u l t a t i o n  measurements f rom c l o s e  d i s t a n c e  t o  
t h e  p l a n e t  p robe  lower  r e g i o n s  o f  t h e  a tmosphe re  t h a n  t h o s e  
conduc ted  from Ear th .  ( 8 )  

Though some of  t h e  p a r a m e t e r s  measured by t h e  above 
d e s c r i b e d  a s t r o n o m i c a l  methods w i l l  be s t u d i e d  w i t h  o t h e r  methods ,  
a f a i r  amount o f  redundancy i s  d e s i r a b l e  for obv ious  r e a s o n s .  
Moreover,  depending  on t h e  p a r t i c u l a r  o v e r a l l  m i s s i o n  p r o f i l e ,  
t h e  above ment ioned  o b s e r v a t i o n s  may e x t e n d  t h e  s p a t i a l  cove rage  
o f  t h e  a tmosphere  i n  t h e  e x p e r i m e n t a l  program. 

T h i s  r e a s o n i n g  a p p l i e s  a l s o  to t h e  remote  s e n s i n g  o f  
a t m o s p h e r i c  ( a n d  s u r f a c e )  p r o p e r t i e s  w i t h  t h e  I R ,  v i s u a l ,  and  
W r a d i o m e t e r s ,  medium r e s o l u t i o n  s p e c t r o m e t e r s ,  and t h e  t o p -  
s i d e  sounder  aboa rd  t h e  manned module.  

The p r i n c i p a l  i n  s i t u  measurement a b o a r d  t h e  manned 
module i s  a mass s p e c t r o m e t r i c  s c a n  o f  t h e  uppe r  a tmosphere  and 
e x o s p h e r e ,  which s h o u l d  y i e l d  c o n t i n u o u s  p r o f i l e s  o f  d e n s i t y  and  
compos i t ion  i n  t hese  a tmosphe r i c  r e g i o n s  , s t a r t i n g  from a l o w e r  
a l t i t u d e  o f  % 3 O O  km. T h i s  s t u d y  w i l l  shed l i g h t  on t h e  problem 
o f  upper  p l a n e t a r y  a tmospheres  and t h e i r  i n t e r f a c e  w i t h  i n t e r -  
p l a n e t a r y  s p a c e  f o r  t h e  c a s e  o f  a p l a n e t  which i s  n o t  s c r e e n e d  
from t h e  s o l a r  wind by a s i z a b l e  magne t i c  f i e l d .  Some o f  t h e  
i n f o r m a t i o n  g a t h e r e d  i n  t h i s  way s h o u l d  b e  v a l u a b l e  i n  t h e  p l a n -  
n i n g  of  f u t u r e  m i s s i o n s ,  and e s p e c i a l l y  i n  t h e  deployment o f  
l o n g  l i v e d  o r b i t i n g  p r o b e s .  

The e x p e r i m e n t a l  pay load  o f  t h e  a e r o - d r a g  p r o b e s ,  as 
w e l l  as t h e i r  e x p e c t e d  da ta  r e t u r n ,  i s  q u i t e  l i m i t e d ,  b u t  t h e y  do 
p r o v i d e  a d i r e c t l y  measured p r o f i l e  o f  t h e  s t r u c t u r a l  parameters 
o f  t h e  a tmosphe re ,  i n c l u d i n g  t e m p e r a t u r e  (T), p r e s s u r e  ( p ) ,  
deensity ( 9 )  , and compcs i t i on  (symbolized h ~ 7  p a r t i a l  d e n s i t y  ( p i )  

f rom %lo0 km to t h e  s u r f a c e .  The uppe r  p a r t  o f  t h i s  a l t i t u d e  
r a n g e  (above  %3O km) i s  n o t  a c c e s s i b l e  t o  e i t h e r  d i r e c t  or r emote  
measurements  b y  any o f  t h e  o t h e r  p r o b e s * ,  e x c e p t  d u r i n g  t h e i r  
d e s c e n t  phase .  Knowledge about  t h e  r e g i o n  from 0-30 k m  w i l l  be  
d e r i v e d  main ly  from m u l t i p l e  RF o c c u l t a t i o n  and sound ing  r o c k e t s .  

* I n  t h e  E a r t h ' s  a tmosphere t h i s  i s  t y p i c a l l y  t h e  r e g i o n  
p robed  by m e t e o r o l o g i c a l  r o c k e t s .  
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Aero-drag p robe  da ta  a t  a number o f  s e l e c t e d  l o c a t i o n s  o f f e r  
t h e  p o s s i b i l i t y  of c a l i b r a t i o n  o f  remote  measurements ,  which 
i s  i n  acco rdance  w i t h  t h e  d e s i r e d  b a l a n c e  between d i r e c t  p r o b e s  
and remote  s e n s o r s .  

O f  t h e  p r imary  a t m o s p h e r i c  e x p e r i m e n t s  c a r r i e d  a b o a r d  
t h e  o r b i t e r ,  t h e  most prominent  i s  t h e  t o p s i d e  s o u n d e r .  It w i l l  
f u r n i s h  i o n o s p h e r i c  da ta  supp lemen t ing  t h o s e  d e r i v e d  from RF oc-  
c u l t a t i o n  and e x t e n d i n g  them t o  v e r y  b r o a d  s p a t i a l  cove rage .  
These data may p o s s i b l y  a i d  i n  t h e  f a r  f u t u r e  i n  f a c i l i t a t i n g  
r a d i o  communication between d i s t a n t  manned s t a t i o n s  on t h e  p l a n e t ' s  
s u r f a c e .  

The r o l e  o f  t h e  wea the r  s t a t i o n s  a s s o c i a t e d  w i t h  t h e  
MSSR v e h i c l e  and  t h e  l a n d e r s  i s  c o m p l e t e l y  ana logous  t o  t e r r e s -  
t r i a l  weather s t a t i o n s ,  and i s  n o t  i n  need  o f  f u r t h e r  e l a b o r a t i o n .  
It s h o u l d  be  n o t e d  t h a t  l o c a l  wind measurements  are  i n c l u d e d  i n  
t h e  p roposed  o p e r a t i o n  of t hese  s t a t i o n s ,  which are  measurements  
i m p o r t a n t  w i t h  r e s p e c t  t o  l a n d i n g  o f  l a r g e  manned modules i n  t h e  
f u t u r e .  Apart  f rom t h e  c o n v e n t i o n a l  i n s t r u m e n t a t i o n  t y p i c a l  o f  
weather s t a t i o n s ,  a number of  low a l t i t u d e  ( ~ 3 0  k m )  m e t e o r o l o g i c a l  
r o c k e t s  w i l l  b e  l aunched  from these  s i t e s ,  t o  p r o v i d e  f u r t h e r  
d i r e c t  data  on t h i s  a tmosphe r i c  r e g i o n .  

I n  t h e  c a t e g o r y  of  s econdary  e x p e r i m e n t s  t h e  f o l l o w i n g  
are t h e  most s i g n i f i c a n t :  

(1) r a d i o m e t r y  and m u l t i s p e c t r a l  photography from t h e  
manned module and t h e  o r b i t e r  w i l l  p r o v i d e  a f a i r l y  
comple te  s c a n  o f  Mar t i an  s u r f a c e  t e m p e r a t u r e s ;  

( 2 )  c l o u d  imagery w i t h  t hese  i n s t r u m e n t s  w i l l  g i v e  
i n s i g h t  i n t o  t h e  g r o s s  a t m o s p h e r i c  c i r c u l a t i o n  
p a t t e r n  o f  Mars; 

( 3 )  m u l t i p l e  RF o c c u l t a t i o n  o f  t h e  o r b i t e r " )  w i l l  
y i e l d  a l a r g e  number ( o n  t h e  o r d e r  o f  1 0  ) o f  
l o c a l  p r o f i l e s  o f  t h e  lower  a t m o s p h e r i c  and t h e  
i o n o s p h e r i c  d e n s i t y ;  a l s o  some da ta  on t h e  d e n s i t y  
o f  t h e  uppe r  a tmosphere  w i l l  b e  d e r i v e d  from or- 
b i t a l  decay o f  t h i s  p r o b e .  

4 

V. SUMMARY 

I n  t h e  f o r e g o i n g  s e c t i o n  a b r o a d  program f o r  t h e  s t u d y  
o f  t h e  M a r t i a n  a tmosphere  i n  t h e  framework o f  a 1975 p l a n e t a r y  
e n c o u n t e r  m i s s i o n  has been  p r e s e n t e d .  It may b e  c o n s i d e r e d  a 
r a t h e r  comprehensive a t t a c k  on t h e  problems o f  b o t h  s c i e n t i f i c  
and  t e c h n o l o g i c a l  i n t e r e s t  a l l i e d  w i t h  t h e s e  a s p e c t s  o f  M a r t i a n  
e xp lor a t  i on. 
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I t s  comprehens iveness  as w e l l  as some i n e v i t a b l e  
d e f i c i e n c i e s  are i l l u s t r a t e d  i n  T a b l e  I V .  T h i s  t a b l e  r e v i e w s  
t h e  t o t a l i t y  o f  e x p e r i m e n t s  f rom t h e  p o i n t  of view o f  t h e  
problem areas s t u d i e d  i n  t h e  m i s s i o n  and t h e i r  cove rage  by 
t h e  v a r i o u s  e x p e r i m e n t s .  I n s p e c t i o n  of t h i s  t a b l e  combined 
w i t h  T a b l e s  I1 and I11 r e v e a l s  t h a t  s u c c e s s f u l  c o m p l e t i o n  o f  
t h e  program o u t l i n e d  s h o u l d  y i e l d  knowledge o f  t h e  f o l l o w i n g  
areas : 

(1) s u r f a c e  t e m p e r a t u r e s  o v e r  most o f  t h e  p l a n e t  and 

( 2 )  s t r u c t u r e  o f  t h e  lower  a tmosphere  ( u p  t o  %30 km) 

d u r i n g  d i f f e r e n t  s e a s o n s ;  

o v e r  a l a r g e  p o r t i o n  o f  t h e  p l a n e t  and d u r i n g  
d i f f e r e n t  s e a s o n s ;  

( 3 )  s t r u c t u r e  of  t h e  i o n o s p h e r e  o v e r  a l a rge  p o r t i o n  
o f  t h e  p l a n e t  and d u r i n g  d i f f e r e n t  s e a s o n s ;  

( 4 )  p r o f i l e s  o f  t h e  s t r u c t u r e  o f  t h e  s e n s i b l e  atmo- 
sphere (0-100 k m )  a t  a number of  s e l e c t e d  l o c a -  
t i o n s  ; 

( 5 )  l o n g  term m e t e o r o l o g i c a l  c o n d i t i o n s  at  s e l e c t e d  
l o c a t i o n s  on t h e  ground;  

( 6 )  some da t a  on t h e  s t r u c t u r e  o f  t h e  uppe r  a tmosphere  
and e x o s p h e r e ;  and 

( 7 )  l a r g e  s c a l e  c i r c u l a t i o n  p a t t e r n s  of  t h e  M a r t i a n  
a tmosphere .  

A s  may be  s e e n ,  t h e  on ly  r e g i o n  o f  t h e  a tmosphere  which i s  n o t  
e x t e n s i v e l y  i n v e s t i g a t e d  i s  t h e  r e g i o n  between ~ 3 0  and ~ 1 0 0  km 
E x p l o r a t i o n  of  t h i s  r e g i o n  i s ,  however ,  a l s o  beset  w i t h  g r e a t  
d i f f i c u l t i e s  i n  t h e  t e r r e s t r i a l  a tmosphe re .  

F i g u r e  9 f u r t h e r  i l l u s t r a t e s  i n  more d e t a i l  t h e  impac t  
of t h e  e x p e c t e d  da ta  r e t u r n .  T h i s  f i g u r e  i s  t h e  p o s t - m i s s i o n  
c o u n t e r p a r t  of F i g u r e  1 and shows s c h e m a t i c a l l y  t h e  s t a t u s  of  
i n f o r m a t i o n  on t h e  a t m o s p h e r i c  d e n s i t y  and t e m p e r a t u r e  which 
s h o u l d  ensue  from a s u c c e s s f u l  m i s s i o n .  S i m i l a r  f i g u r e s  c o u l d  be 
c o n s t r u c t e d  for o t h e r  p a r a m e t e r s .  T h e  s t r i k i n g  c o n t r a s t  between 
F i g u r e  9 and F i g u r e  1 l e n d s  s u p p o r t  t o  t h e  s t a t e m e n t  made a t  t h e  
b e g i n n i n g  of  t h i s  p a p e r  t h a t  t h e  m i s s i o n  c o n s i d e r e d  here  s h o u l d  
y i e l d  a f i r m  bas i s  f o r  t h e  knowledge o f  t h e  Mar t i an  a tmosphe re .  

1 0  14-ML-ans 

At tachments  
T a b l e s  I - I V  
F i g u r e s  1 - 9 
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FIGURE 6 - AVAILABLE COMMUNICATIONS T I M E  ( T I M E  FROM 
10,000 FT/SEC VELOCITY TO IMPACT) 
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